Abstract Autistic spectrum disorders (ASD) are characterised by attention deficits in communication and social interactions and a lack of interest in people. Data are mostly based on clinical situations. However, recent studies have shown a more mixed situation where children with ASD (ASD children) displayed interest towards humans, in both experimental and natural settings. The aim of this study was to assess the interest of ASD children in a natural standardised home setting. Here, we hypothesised that ASD children would display more interest towards animate stimuli-human and pet-when in the child's home than in the lab experimental setting. We used an ethological approach involving observations, a methodological alternative to lab static techniques, to investigate the behaviour of ninety 6-to 12-year-old ASD and typical development (TD) children. Our results were consistent with those of the literature revealing that the ASD children displayed interest towards animate stimuli as did children with TD children. Interestingly, while the ASD children showed higher interest towards humans, e.g. their parent, than the TD children did, they showed less interest towards pet compared to the TD children. Our results suggested that animals are not inherently easy to decode for ASD children, in contrast with previous experiences where a pet was regarded as a more attractive partner, easier to be understood. At last, the ASD children changed more frequently their focus point than the TD children did. These differences may be explained by the reduced attention skills in ASD or the study's context. To conclude, larger exploratory studies in natural settings conducted beyond ordinary human to human interactions are crucial for better understanding of the underlying mechanisms involved in social interactions in ASD.
Introduction
Some crucial aspects of living in a social group are showing interest towards others and interacting with others [1] . This is called social attention, a key component of social cognition. The latter is mediated by neural circuits which transfer sensory information about others and process that information into value signals (i.e. the functional role of superior temporal sulcus or STS; [2] ). Several cues indicate the focus of person's attention: eye-gaze direction, directed behaviours, head position, body position and pointing gestures [3] . Attention directed towards other people, social attention, is important in human interactions as it is involved in the genesis of social bonds, inducing social codes [4] . Pashler [5] explained that social attention is constituted of selective attention (i.e. directed towards a particular phenomenon in the face of competing stimuli) and divided attention (i.e. sharing out concentration on more than one stimulus). Both types of attention are implied, for example, in children's development. Indeed, children involved in social situations are more alert and mindful and consequently more prone to react and to memorise [6] , especially language development during which infants are influenced by social cues [7] . Throughout direct social contacts and interactions, children could maintain their perceptual abilities, for example, to discriminate phonetic units [8] . This stresses that social attention is strongly linked to perception and could modify it [9] . It is worth mentioning that the importance of social influences and attention skills during development has been evidenced in a variety of species and not only in humans [10, 11] . And attention difficulties, such as in joint attention, are absent or impaired in some psychiatric disorders or neurodevelopmental disorders, e.g. autism spectrum disorders (ASD) [12, 13] .
Currently, most researchers studying ASD agree on a neurodevelopmental origin of these disorders. During brain development, some mechanisms of regulation seem to be impaired [14, 15] leading to a cascade of developmental abnormalities. ASD's symptoms and characteristics are the consequences of such developmental abnormalities, e.g. attention deficits, pervasive disruptions of social abilities, difficulties to communicate and to establish social bonds [16] [17, 18] . For example, impairment of visual attention is correlated with both general [19] and more specific abnormalities such as those affecting social abilities (e.g. making less frequent eye contact [20] ), inattention to faces [21] or failing to reliably attend to facial expressions [22] ). Thus, one could propose that attention dysfunction processes observed in individuals with ASD may be correlated with a core deficit linked to their communication and their social interaction impairments [23] . Despite this extended interest in the area of attention in ASD, there are yet unclear areas that we aim at exploring hereunder.
Clinical observations on ASD often report a striking lack of (1) interest in people, (2) responsiveness towards people, (3) social interactions and communicative behaviours [17, 24] and yet an interest towards inanimate objects [17] . The social deficits in ASD may be associated with a lack of understanding of non-verbal signals, intentions and mental states of other individuals as well as failure to process social stimuli to generate social interactions [25, 26] . The latter being strongly correlated with social attention skills [3, 27] , some authors propose that attention impairments may contribute to the profound social disabilities characterising ASD. For example, one stressed the quality of early social exchanges [28] . Infants need to shift their attention rapidly between different stimuli when they share their attention with others. However, this ability is altered in ASD [29] . Another author focused on the nature of stimuli (i.e. animate or inanimate) Even if general impairments in ASD are related to attention orienting and shifting, they are also related to the nature of social stimuli [28] . Indeed individuals with ASD have difficulty processing and representing complex, variable and unpredictable social stimuli (e.g. facial expressions, speech, gestures [17] ). Their attention does not seem to be drawn naturally to these stimuli.
Experimental research on ASD raises some questions with regard to interest and attention in animate agents. For example, both children and adult with ASD have been presented to a change detection performance task to assess attention [30] . New et al. [30] , observing ASD alternating animate or inanimate stimuli in a natural setting, reported a significant difference between the two types of stimuli. Interestingly, individuals with ASD are able to pay real attention, especially to human beings. They showed the same social attention to animate stimuli (i.e. human and animal) as participants with TD. In this paper, New et al. [30] suggested to study attention as an additional dimension to social interaction in the observations of perception and cognition in ASD, especially in ethology-related field work. This methodological requirement was previously advised (e.g. [31, 32] ), especially to investigate individuals with ASD in natural settings that is in their ''real life'' environments. For example, Hutt and Ounsted [33] showed in a free-play situation that ASD children played more solitary than TD children. More surprisingly, ASD children seek more adult contact than TD children. This interest for adult partner is consistent with other studies (e.g. [34, 35] ). Even if the behaviours displayed by ASD children were more object-directed than human-directed, the adult sharing the play situation remains a non-negligible target of child's visual attention, especially the gazes [35] . A recent study on ASD and TD children showed similar results at child's home-only one-third of the ASD children were immediately attracted to human adults rather than to a new pet. This behaviour was not observed in their TD counterparts [36, 37] . Prothmann et al. [38] observed ASD children in a lab experimental setting to test the ASD children interaction target preference (i.e. dog versus human versus object). Interestingly, ASD children interacted more frequently and longer, respectively, with the certified therapy dog than with the human than with the objects. Consistent with earlier works [39] , Prothmann et al. [38] proposed that animal's behaviour could be more predictable and easier to decode than those of a human partner. However, further investigations are needed.
Taken together, these studies showed numerous differences. One could debate over the impact of the context (i.e. familiar or unfamiliar) on the behaviour of individuals with ASD. Are there fewer stakes involved when facing a computer screen (e.g. eye tracking) or being in a natural setting (e.g. home) than being in a clinical setting (e.g. for diagnosis)? Could an animal presence be a facilitator? In such context, the aim of our study was to assess the ASD and TD children interest towards human, animal and object in a natural setting (e.g. child's home). We deployed our study through an ethological approach involving observations in children's home. We focused first on social attention (e.g. behaviour directed towards, gazed at) in the presence of a pet, two humans (i.e. parent and observer) and objects, either familiar or unfamiliar to the participants. Indeed, ASD children have the ability to process social familiarity (i.e. attention towards familiar social features). They are more prone to respond with empathy to a familiar agent [40] and their familiarity with the observer has a significant positive effect on their behaviour and testing performance [41] . Second, we assessed attention skills by calculating two global indexes: ''focus on a target'' (visual focusing) and ''shift between targets'' (visual shifting).
Materials and methods

Subjects
Data were collected at children's homes over 9 months between Summer 2008 and Spring 2009.
The target population
General information Participants were 90 French children, all aged between 6 and 12 years (Table 1) . Thirtyone ASD children were recruited from the ''Centre de Ressources sur l'Autisme de Bretagne'', Bohars, France. They were matched for chronological age with 59 TD children; Mann-Whitney test, n 1 = 31 n 2 = 59 U = 2,695.5 p = 0.929). The TD children attended school regularly; none met any diagnostic criterion for ASD or other pervasive developmental disorders.
Characterisation of autism spectrum disorders Behavioural assessments have been performed using the Autism Diagnostic Interview-Revised [42] . The ADI-R, an extensive, semi-structured parental interview, was conducted by independent psychiatrists. The ADI-R scale assessed the three major domains of ASD: reciprocal social interactions, verbal and non-verbal communication, stereotyped behaviours and restricted interests. The severity of impairments in these three major domains of ASD was scored using the subset of ADI-R items included in the ADI-R algorithm: total social interaction score (15 items; threshold of 10), total verbal/nonverbal communication score (13 items, or for non verbal patients, 9 items; threshold of 8 and 7, respectively) and total stereotypies score (8 items; threshold of 3). A total score of ADI-R algorithm was also obtained (n = 31 ASD children; Table 1 ). The presence of verbal language skills is defined as daily, functional and comprehensible use of spontaneous phrases of at least three words and occasionally a verb. Here, all TD children and 21 ASD children expressed verbal language (i.e. 67.7 %; Table 2 ). The Vineland Adaptive Behaviour Scales (VABS) is a parent interview that assesses children's functional skills in four behavioural categories: communication, daily living skills, socialisation and motor skills [43] . In the current study, we only used communication, daily living skills and socialisation subscales (n = 20 ASD children; Table 1 ). Childhood Autism Rating Scale questionnaire (CARS [44] ) was employed by the psychiatrists for 20 ASD children. The CARS-scale is a behaviour rating scale intended for evaluating the level of autism with a maximum score of 60. The higher the score, the more severe autistic behaviour the child exhibits. Here, our population was mainly composed of children with mild ASD (Table 1) . Based on direct clinical observation of the child by independent child psychiatrists, a diagnosis of ASD was made according to DSM-IV [23] as well as ICD-10 [45] criteria and was confirmed by ADI-R ratings.
Experience with pets The children had different prior experience with companion animals (see Table 2 for details). This information was obtained from a short standardised parental questionnaire about companion animals and their children. This questionnaire was previously developed and used [46, 47] . Parents were asked about their pet ownership (i.e. the current presence of a pet in the child's home), the presence of privileged relationships between their child and their own companion animals (i.e. favourite pet of the child, spending time and playing together and reciprocal behaviours). Negative child-pet relationships were also explored with the census of any prior negative experience with an unfamiliar animal (e.g. have been bitten).
Ethical note
All children were accompanied by one of their parents during the test. It is worth mentioning that the present research was non-invasive and did not involve pharmacological interventions. Hence, in accordance to the ethics committee, parents gave only an informed written consent to allow the child's participation in the experiment and to film their child prior to their inclusion in the study.
Experimental design
Animal subjects used in the study Four brown long-coat and non-parturient adult female guinea pigs (Cavia porcellus) were chosen for their particular characteristics. Guinea pig is a clawless, nonaggressive rodent species with attractive features enhancing interactions with a child [10] . In contrast to cat or dog, as a more neutral and less interactive species, a guinea pig can bring out the most of the child's behavioural repertoire. This eases the study of children's attitudes. Before their experimental use, the guinea pigs were kept by a family and were handled regularly. To avoid excessive stress or weariness, each guinea pig underwent a maximum of three experiments per day (X = 1.6 experiments ± 0.8 experiments).
The pet device included a standard cage (70 9 40 9 20 cm), cleaned before each experiment. To facilitate interactions, the pet's shelter and the cage top were removed. The cage floor was covered with sawdust. Water and food (commercial pellets and hay) were provided ad libitum.
Experimental context
An appointment of one hour was set between the observer and the family at least 2 weeks before the experiment. All experiments were performed at children's homes to avoid ASD children's anxiety of unfamiliarity. Even if the research focused on child-pet interaction, the presence of one parent was asked. Thus, during the experiment, two adults were present in the room: one parent (i.e. familiar human) and the observer (i.e. unfamiliar human). The mother was usually the parent present during the experiment, except for single father families or when the mother was temporarily absent. (n m = 80 and n f = 10, respectively). All tests were performed by the same observer (female, blond hair).
Procedure
Before setting up the experiment, the observer instructed the child and his/her parent as follows:
• The child during the experiment he/she could behave as he/she wanted. For example, he/she was free to interact (or not) with the unfamiliar animal. We stressed to the child and the parent that no behaviour was considered either right or wrong.
• The parent during the experiment, he/she was asked to sit away from the cage, to stay neutral and silent (e.g. no encouragements, no smiles to the child). The parents of ASD children were asked to confirm that their children had heard/understood the instructions.
After assuring that the given instructions have been understood, the equipment was installed. Both the animal's and the child's behaviours were recorded using two video cameras, one mounted on a tripod and facing the cage (focusing on the animal's behaviour) and the second one carried by the observer (focusing on the child's behaviours). The open cage was placed on a low table (for details, see [36] ). These elements constituted unfamiliar objects for the children. The other objects of the environment (e.g. television, toys) are considered as familiar objects.
When all the equipment was installed, the observer then asked the child and the parent to come into the room. As soon as they entered, the observer switched on both cameras. The observer remained neutral and silent in an unobtrusive place in the room; she moved only if absolutely necessary to avoid losing view of the child forefront part of the body (e.g. child with his/her back to the observer) and stopped the experiment after 15 min. Only one experience was stopped after 12 min because the interaction became too ''intense'' (mostly rough handling of the guinea pig).
Data collection and analyses
Data collection
Ethological methods of data sampling were used. Thus, the children's behaviour was analysed later by instantaneous scan sampling. Altmann [48] explained this technique in which the observer records an individual's current activity at preselected moments in time (e.g. every minute throughout the day). Such sampling is used to study the per cent of time spent in various activities. It is a discrete sample of states, i.e. of ongoing behaviours, and not events. It is true that under some conditions, some information could be lost (i.e. transition time between each state). Thus, researchers need to ensure that instantaneous scan sample intervals are short enough to reduce this loss. Consequently, 10-s intervals were chosen leading to 90 scans per session.
The recorded behavioural items were 1. Body part of the child nearest to the guinea pig: face, hand/arm, trunk, back, leg or foot 2. Direction of the child's eyes (independently of behaviours): gaze directed towards the guinea pig, a human being (observer or parent) or an object (either unfamiliar objects-camera, cage-or familiar objects in the room), self-centred (e.g. hands). Eye orientation was measured when within 5°of a target. 3. Child behaviour child displayed either behaviours directed towards human (parent or observer) or pet (tactile, vocal or visual) or non-interactive behaviours as showing interest in an object, locomotive behaviour or displaying stereotypies (Table 3 for codebook). 4. Spatial distance between the child and the pet was measured in terms of child's arm length to contact (0-, -1, 1-1, [1). We also recorded as ''out'' when the child left the room.
The observation of the above items and the recording of the events during the session were performed by the same rater (YB). For reliability purposes, another rater (MG) coded 10 % of the video recordings, chosen randomly, in accordance with the codebook of the behavioural items used in this study. The degree of correlation between these two raters was established by calculating Cohen's Kappa. Reliability was excellent (Total: 0.91, body part of the child nearest to the guinea pig: 0.93, direction of the child's eyes: 0.85; child behaviour: 0.93 spatial distance: 0.94; [49] ). Both raters had previous experience in coding human-animal interactions.
Data analyses
Instantaneous scan sampling yielded two types of data [48] : (1) frequency (in % of scans) of different behavioural items recorded (i.e. general behaviour, nearest body part and eye direction) and (2) frequency of time spent at a given distance category from the pet (i.e. proximity).
As ASD children display attention difficulties [16] , two indexes were developed and aimed at assessing visual attention. Visual attention data were collected by evaluating the degree of (1) visual shifting and (2) visual focusing. The degree of visual shifting was estimated by the percentage of visual target changes between two consecutive scans (i.e. number of target changes/total of 89 scans The child established physical contact with the pet that is the act of putting two things (a part of the child's body and a part of the pet's body) together with no space between them.
Here are recorded all types of tactile behaviours, such as caress, stroke, kiss
Vocal behaviour The child uttered vocalizations or talked to the pet using ''you'' to refer to the pet (''you're so cute'') or, during talking, child directed her/his gaze towards the pet
Visual behaviour
The child directed her/his gaze towards the pet. Looking frequently accompanied vocalizations or smiling, but since we wished to maximize independence of measures, ''visual behaviour'' was only recorded when it occurred independently of other social behaviours [71] Towards human (parent and observer were separated)
The child's behaviour was directed towards a human partner. The behaviours have different natures (i.e. tactile, visual or vocal) that were gathered altogether here.
Non-interactive behaviour
Object interest The child carried an object, with or without manipulating or observing it. Familiar (e.g. toy) and unfamiliar objects (e.g. camera) were considered separately.
Locomotion behaviour
The child walked or ran about in the room. All locomotion behaviours were recorded, regardless of their speed and duration. Locomotion behaviour was regarded as finished when the child did not walk (or run) during at least 1 s
Stereotypies
The child displayed repeated, relatively invariable sequences of movements or sounds that have no obvious purpose [75] . Verbal and motor stereotypies were recorded together here.
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Statistical analyses
As our data did not fit a normal distribution, we applied nonparametric statistical tests [50] . Significance threshold was p = 0.05. Mann-Whitney U tests were used to compare two independent samples (e.g. the difference in factor effects between the two groups). Kruskall-Wallis and Wilcoxon Signed Rank tests were used to compare dependent samples (e.g. the difference in behaviours among the same group). Spearman tests were used to evaluate the correlations.
Results
General behavioural trends
Interest for the pet
Results are detailed in Table 4 . Both TD children and ASD children showed more interest towards an unfamiliar pet than humans or objects (Kruskall-Wallis tests, p \ 0.001). Moreover, behaviours towards the pet were more reported in TD children than in ASD children (p \ 0.001). The results of child's eye direction towards the pet were more significant (p \ 0.001) in TD children than their ASD counterparts.
Three types of directed behaviours towards the pet had been recorded: tactile, vocal and visual behaviours ( Table 4 ). The TD children displayed more often tactile behaviours towards the pet than visual and vocal behaviours (p \ 0.001). Conversely, the ASD children displayed more often visual behaviours towards the pet than tactile behaviours (p = 0.001). Thus, TD children displayed more tactile and visual behaviours towards the pet than the ASD children did (p \ 0.001, p \ 0.018, respectively). Interestingly, no difference in vocal behaviours towards the pet was observed between the two groups (p [ 0.999).
Child-pet distances differed between the two groups: ASD children were more observed at greater distances from the pet ([1 child's arm; X ± SD = 73.7 ± 13.2) than were TD children and conversely, TD children were observed closer to the pet (\ child's arm; X ± SD = 76.3 ± 13.3) than were ASD children (p \ 0.001; Fig. 1 ). The body part nearest the pet differed between the two groups ( Table 4 ). The TD children preferred arm/hand, whereas no preferred body part was observed in ASD children (p \ 0.001). The ASD children had more their backs or their trunks closest to the pet than TD children (for both body parts, p \ 0.001).
At last, ASD children displayed more behaviours towards the human beings and towards objects than did TD children (p \ 0.001, p = 0.045, respectively; Table 4 ).
Interest for familiar and unfamiliar humans
ASD children directed more their behaviours towards the familiar human (X ± SD = 2.4 ± 2.2) than towards the unfamiliar human (X ± SD = 0.7 ± 0.8; Z = 1.9, p = 0.05; Fig 2a) . This difference was not observed for TD children (familiar human: X ± SD = 0.6 ± 1.0; unfamiliar human: X ± SD = 0.09 ± 0.2; Z = 1.4, p = 0.159; Fig. 2a) . Moreover, ASD children directed their behaviours more towards the familiar human and the unfamiliar human than TD children did (all Mann-Whitney U tests p \ 0.001; Fig. 2a ). At last, ASD children looked more at the familiar human and at the unfamiliar human than TD children did (both p = 0.001; table 4).
Non-interactive behaviours
The ASD children directed their behaviours more towards familiar objects (X ± SD = 28.3 ± 16.5) than towards unfamiliar objects (X ± SD = 4.2 ± 4.2; Z = 378, p \ 0.001; Fig. 2b ). A similar difference was observed for in the TD children (familiar objects: X ± SD = 13.4 ± 9.0; unfamiliar objects: X ± SD = 5.4 ± 2.8; Z = 0, p\ 0.001; Fig. 2b ). The ASD children and TD children directed their eyes more towards familiar objects than towards the unfamiliar objects (both Wilcoxon tests p \ 0.05). The ASD children directed their behaviour more towards and looked more towards familiar objects than did TD children (all Mann-Whitney U tests, p \ 0.001; Fig. 2b , Table 4 ). Conversely, TD children looked more towards unfamiliar objects than did ASD children (p \ 0.001, table 4). Last, ASD children displayed more stereotypies (X ± SD = 10.0 ± 10.8) than TD children did (X ± SD = 0.0 ± 0.0; U = 2,281, p \ 0.001). No difference was reported for locomotion behaviour (MannWhitney U test, p [ 0.05).
Children's visual attention skills
The index of visual shifting was higher for ASD children than for TD children (37.7 ± 19.3 % versus 24.0 ± 12.5 %; U = 2,284.5, p \ 0.001; Fig. 3 ). Conversely, the index of visual focusing was higher for TD children than for ASD children (7.1 ± 7.1 % versus 4.5 ± 4.8 %; U = 951.5, p \ 0.001; Fig. 3 ). More precisely, the visual index only focusing at the pet was higher for TD children than for ASD children (11.4 ± 10.9 % versus 6.3 ± 9.8 %; U = 3,217.5, p \ 0.001).
Effects of different factors
Even though general behavioural trends were consistent among each group, interindividual variations emerged and were large for some variables. Therefore, we investigated in more detail the effects of different factors on behavioural 
Children's verbal language level
Having-or not having-a verbal language influenced significantly ASD children's behaviour. Compared with non-verbal ASD children, verbal ASD children were observed closer to the pet (contact or \ arm; all Mann-Whitney U tests, p \ 0.01), hand/arm were their nearest body part (U = 47.5, p = 0.016), they looked more towards the pet (U = 88.5, p = 0.003) and they directed more behaviours towards it, especially tactile behaviours (both Mann-Whitney U tests, p \ 0.01). On the contrary, non-verbal ASD children displayed more stereotypies than verbal ASD children did (U = 25, p \ 0.001). The former remained farther from the pet (\1 arm or out the room; all Mann-Whitney U test, p \ 0.05) and legs were their body part nearest the pet (U = 56.5, p = 0.015).
Experience with animals
The pet owner TD children talked more to the pet than nonpet owner TD children (5.1 ± 5.4 and 1.2 ± 1.2, respectively; U = 566, p = 0.018). Very interestingly, while the mere presence of a pet in their home did not appear to significantly influence ASD children's behaviour towards our unfamiliar pet (51.4 ± 20.0 for the non pet owners and 46.2 ± 19.9 for the pet owners, U = 146.5, p = 0.93), the quality of relationships established with their own pet appeared to be a determinant in the child-pet interaction. The ASD children with privileged relationships (ASD children PR ) were more attracted to the pet than the other ASD children pet owners (behaviours turned to the pet: 68.2 ± 16.3 and 27.8 ± 18.4, respectively; U = 107, p = 0.43). Precisely, the ASD children PR used more tactile contact with the pet than the other ASD children pet owners did (40.1 ± 17.4 and 12.4 ± 13.9, respectively; U = 106, p = 0.029). The ASD children PR looked more at the non familiar objects than the other ASD children pet owners did (5.2 ± 2.2 and 1.3 ± 1.4, respectively; U = 95, p= 0.005). At last, TD children seemed to develop more often a privileged relationship with their pets (54.2 %) than did ASD children (35.5 %; X 2 = 2.86, p = 0.09).
The children who previously had prior negative experience with animals seemed to behave more cautiously. However, there was no difference between the % of those with a prior negative animal experience among ASD and TD children (29 and 15.2 %, respectively, X 2 = 2.41, p = 0.12). Of these children who previously had negative experiences with an animal, fewer TD children were observed near the pet than their counterparts (\ arm; U = 96, p = 0.007); larger number of ASD children expressed behaviours towards their parent than their counterparts (U = 46, p = 0.04).
Discussion
This study revealed that the ASD children displayed interest towards animate stimuli (i.e. pet and humans) rather than inanimate ones (i.e. objects) in a natural setting (i.e. at home). They changed more frequently their attention focus point than TD children did. Moreover, the ASD children were less attracted to an unfamiliar pet even if their behaviours appeared influenced by their verbal language and their prior experience with animals.
Our study revealed that the ASD children were interested in an unfamiliar pet, but that this attraction was less important than that of the TD children. They stayed at a greater distance from the pet and thus, used more distant behaviours, i.e. visual behaviours towards the pet. This spatial area that individuals maintain around themselves, named personal space, could imply discomfort or even anxiety when others intrude into it. It has been shown that ASD children feel more comfortable socially at a greater personal space than TD children [51] . Our spatial behaviour results were consistent with this recent observation, but here, involving a pet. Moreover, anecdotal reports have suggested that ASD children could easily interact with pets [52, 53] . Some authors proposed that animals may be simpler to decode than human beings [39, 54] . However, showing interest towards an animal seems to be influenced by several factors. In our study, it was influenced by the quality of the child's relationship with the pet and the child's prior experience with animals. First, the ASD children who made privileged relationships with their own pet were more attracted to our unfamiliar guinea pig. If experiencing such relationships has a short-term influence on children's behaviours, a long-term impact has also been highlighted. Indeed, ASD children who experience the arrival of a pet in their home show significant changes in their social skills linked to empathy [47] . Moreover, developing a privileged relationship with a pet implies a rich panel of interactions, in both ASD and TD children [46] . In addition, specific interactions with specific animals could enhance learning about animals in general [55, 56] . Second, in our study, children who had a prior negative experience with an animal behaved more cautiously thus interacted more with their parent, a potential source of reassurance. ASD children seem to have expectations about the pet's possible behaviour based on past experience with other animals [57] . Altogether, our results suggest that animals are not inherently easy to decode as previously stated. We propose that experiences with animals could change a pet into a more attractive partner, easier to be understood by ASD children. The explanation may be the interaction between different factors, including well-known aspects as well as yet unexplored aspects. Further studies are thus needed to support our hypothesis.
Some social behaviours (e.g. social gaze) are related to factors such as chronological age, social context or level of functioning in ASD [58] . For example, cognitive levels influence daily behaviours such as watching television or playing with a parent since low-functioning children have been reported to initiate fewer interactions than highfunctioning children [59, 60] . These studies showed that cognitive skills influence the social initiations displayed by ASD children. The strong association between the verbal language and the nature of child-pet interactions has been previously reported by parents [46] . Consistent with these previous results, we observed that verbal children (i.e. high-functioning) looked at and touched the pet more than non-verbal children did (i.e. low-functioning). This suggests that the level of functioning must be taken into account in research including animals and in interventions assisted by animals to clarify the initial goals and potential improvements.
Our results showed that ASD children changed more frequently their attention focus point than TD children in a natural setting. This revealed a difference in the structuring of attention but not necessarily in the quality of attention. These findings were consistent with neurophysiologic approach (e.g. [29] ) or behavioural approach (e.g. [61] ) where reduced attention skills were highlighted. Other non exclusive explanations could be given. We suppose that such results could be different if the parent participated and helped the child in their interactions with our guinea pig. Indeed, parental involvement in child support plays an important role in immediate and long-term effects [62] . Furthermore, interest towards animate agents was observed here, as the ASD children directed more gazes at, and more behaviours towards, the pet and the human beings, especially their parent. These results confirm previous studies using a lab setting with static stimuli [30] or using direct observations [38] and contrast the widely supposed lack of interest in people [17, 24] . Turning towards their parent rather than towards the observer could be explained by processing deficits related to face configuration of the picture [63, 64] and dysfunction of the fusiform face area [65] when in the presence of unfamiliar faces. Fusiform face area activation is normal when ASD children and TD children looked at familiar faces [66] . These results have been confirmed by clinical data showing that ASD children are able to recognise familiar adults when in the context of forced choice familiar face recognition task. Interestingly, they use the same face feature information as do the TD children [67] . As recent studies have shown that social impairments in ASD children seem to be characterised by poor social understanding and skills rather than a lack of interest in humans [28, 68, 69] , we suppose that ASD children would find it easier to turn towards the parent (i.e. familiar partner) and, more widely, towards the familiarity rather than the unfamiliarity. Our study suggests that ASD children seek comfort or help when turning towards humans, as previously shown in other strange situations [70, 71] .
Recent studies have shown the existence of variations in ASD severity according to the study context. This could give to variation pairs such as observed behaviours and rater's identity [72] , sensory and environmental context [73] , imitation and experimental context [74] or empathy and emotional context [40] . We could hypothesise that familiar context (i.e. home environment and parent) may not be as stressful as clinical settings. ASD children may express different attention skills subjected to the nature of their setting and the context. For instance, ASD children may display more visual attention when facing natural and familiar context. Further studies are needed to explore the difference between familiar and unfamiliar partners and objects as well as context-dependent skills, including social attention and brain processing.
Our study was limited by its cross-sectional design. Our results cannot be extrapolated to a general population of ASD children. Here, the study design bias was reduced by a good sample size of ASD children. We propose to repeat this experiment with another sample of ASD children and guinea pigs to validate our present results, especially to explore more precisely the impact of children's prior experience with animals.
In conclusion, this study revealed, for the first time in a natural standardised setting, that ASD children showed a similar interest towards animate stimuli as TD children did. Using a natural setting constitutes a methodological alternative to lab static setting and it should be applied to further research. Studying social interactions, beyond ordinary human-human interactions, is crucial to fully understand the social mechanisms and processes involved in ASD. Thus, our experiment using ethology could be used further as an interesting tool for understanding ASD.
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